Salmonella enterica serovar Gallinarum (SG) is an intracellular pathogen of chickens. To survive, to invade and to multiply in the intestinal tract and intracellularly it depends on its ability to produce energy in anaerobic conditions. The fumarate reductase (frdABCD), dimethyl sulfoxide (DMSO)-trimethylamine N-oxide (TMAO) reductase (dmsABC), and nitrate reductase (narGHIJ) operons in Salmonella Typhimurium (STM) encode enzymes involved in anaerobic respiration to the electron acceptors fumarate, DMSO, TMAO, and nitrate, respectively. They are regulated in response to nitrate and oxygen availability and changes in cell growth rate. In this study mortality rates of chickens challenged with mutants of Salmonella Gallinarum, which were defective in utilising anaerobic electron acceptors, were assessed in comparison to group of bird challenged with wild strain. The greatest degree of attenuation was observed with mutations affecting nitrate reductase (napA, narG) with additional attenuations induced by a mutation affecting fumarate reductase (frdA) and a double mutant (dmsA torC) affecting DMSO and TMAO reductase.
INTRODUCTION
Fowl typhoid is caused by Salmonella enterica serovar Gallinarum (SG), a very severe disease of worldwide economic significance and where the mortality may reach up to 80%. Disease is most severe where environmental conditions and management systems do not allow hygienic control measures to be introduced. Although a live vaccine (9R) is commercially available and has been used extensively it harbours undefined attenuations and retains a degree of virulence (20, 21, 40) . Although additional strains have been described which have more defined mutations (4, 6, 7, 23, (19) , and atpB and atpH, which code for polypeptides of the F 0 and F 1 components, respectively, of the F 0 F 1 proton-translocating ATPase (24) were all found to contribute to virulence to different degrees. 
MATERIAL AND METHODS

Bacterial strain and culture media
Salmonella Gallinarum strain 9 produces typical systemic fowl typhoid with high mortality (34, 42) . For ease of enumeration spontaneous nalidixic acid-resistant (25µg/mL) mutant derivates of this strain were used. This has been found previously not to affect their virulence (43) Typhimurium) CFU/mL.
Mutant construction
Mutants were constructed in an identical way to the proton translocating-deficient mutants described previously (46) . In brief, four primers were designed for each gene to be mutated such that two fragments close to the 5' and 3' ends ( Transductants were plated on LB agar containing spectinomycin or kanamycin and after incubation at 37C/24h
were again checked by PCR. 
DISCUSSION AND CONCLUSION
Fowl typhoid is a systemic disease of chickens caused by SG, an intracellular anaerobic facultative parasite. The disease is very severe and during its course the bacterium persists intracellularly. The virulence factors are responsible for the development and evolution of the illness (47) . In addition, the bacterium also utilized other resources to survive intracellularly. To respire anaerobically Salmonella produces enzymatic complexes according to the available substrate into the host cell. Sometimes, under certain circumstances, the enzymatic complexes could inhibit the action of each other. According to Mahan et al. (29) , there is direct association among expression of genes related to anaerobic process and expression of genes related to invasion process. This would provide to the bacterium better favorable energetic way to survive and to growth. The virulence of STM decreases in a strain with altered genes encoding enzymes of the metabolic pathway of respiratory process (31) . Therefore, genes responsible for the respiratory enzymes production could be regulated in the same process that encodes invasiveness (13, 41) . Table 3 . Mortality of 5-day-old brown commercial layer due to experimental Salmonella Gallinarum strains being defective in any gene related to anaerobic respiration. In the present work mutants of SG containing defective genes related to anaerobic respiration were prepared. These (38) . The redox conditions are highly likely to be much more negative and further investigations to evaluate their role would be of value.
Cumulative mortality at any day post infection (dpi)
Despite of these enzymes are not so efficient in regarding to catabolism like nitrate reductases, the lower mortality would be due the decrease in the production of essential substances.
In Wolinella succiogenes fumarate reductase enzyme is implicated in generation of ATP (35) , to create protons gradient through citoplasmatic membrane (11, 27) . Also the fumarate would be the most important source of succinate in
Bacterioides fragilis (8, 28) and finally, bacterium like E. coli requires succinate for succinyl-coA synthesis. Succinyl-coA is an essential cofactor in biosynthesis of metionine, diaminopimelic acid and lysine (9, 14) .
According to the experimental model adopted when the challenge was done with diluted culture of the strain containing single mutation in narG, frdA and napA genes or double mutation in torC and dmsA the mortality was lower than that observed in control group. On another hand single deletion in narZ, dmsA e torC genes did not interfere in the relation between SG and the birds. 
